The increasing global preference towards the natural products rather than synthetic products has increased the attraction of tourists to the local markets. Ficus glomerata fibres is one of the suitable source as raw material for making natural products like carrier bags, baskets, belts and some handicraft items. Fibres from F. glomerata stems were extracted by using water retting method. After retting, the fibres were scoured using sodium hydroxide (NaOH) for making them suitable to form the different produucts from the processed fibres such as yarn, nonwoven, woven and knitted fabrics. Scouring conditions such as chemical concentration and processing time were evaluated on the basis of physical properties of fibres such as tenacity, elongation and fineness. The optimization results obtained from testing of physical properties of fibres shows that, the 3% concentration of sodium hydroxide (NaOH) and 60 minutes processing time was found promising for the treatment of fibres. The improvement in F. glomerata fibres through proper processing can yield value added fibres and thus can enhance the potential utility of these fibres in diversified sectors. So, the F. glomaerata fibres has a potential to provide an important role in making space for natural fibre products in the outside market.
INTRODUCTION
India has wide range of flora and fauna and popular for its dense forest cover ranging from Himalayan temperate to dry zone forest. Among the plant species, commonly used by man, the fibre yielding plants holds the second position after food plants in their economic importance (Pandey and Gupta, 2003) . Fibre based plant resources have played a key role in immemorial and are still deeply associated and serving a large number of human population throughout the world (Negi et al, 2010) . International Jute Study Group (2012) has given the requirement of different sectors such as food grade jute bags, packaging materials, geo textiles and automobile industries which have a very high demand of natural fibers and these industries directly or indirectly provides employment and work to more than 12 millions of farmers, 1 million of industrial workers and 0.60 million of artisans workers which are working in more than 18 countries from Asia and Africa. Uttarakhand state is blessed with a rich variety of fibre yielding plants but they are restricted to an area and have not received any commercial importance. Among various fibre giving plants such as Grewia optiva (bhimal), Stinging Nettle (bichhu ghas), Hibiscus cannabinus (kenaf) etc, and another potential source is Ficus. glomerata which is locally known as 'gular'. The famous medicinal plant of India belongs to Moraceae family. It is also known as 'cluster fig tree' and since longer period of time it has been used in traditional system of medicine. F. glomerata plant is cultivated and grown not only in hills of Uttarakhand, but also in Punjab, Nagpur, Kolkatta, Bihar, Orrisa, Rajasthan and some, parts of South India . The height of 'gular' plant is about 10-16 metres and the bark is about 0.5 to 1.8 cm thick. F. glomerata plant has medicinal value and most of the parts of plants are utilized for curing various health problems. The bark of tree is useful for urological disorders, diabetes etc. Other parts of plants such as leaves, fruits and roots are used for treatment of various disorders and they also have wound healing, analgesics, anti-fungal and anti-inflammatory properties (Parakh, 2009) . In this study, the stems of F. glomerata plant were utilized for the extraction of fibres. The extracted fibres were processed using sodium hydroxide and its variables were optimized by testing the physical properties such as tenacity, fineness, elongation of fibre.
MATERIALS AND METHODS

Procurement of raw materials:
The raw materials were obtained from Garden Section, G.B. Pant University of Agriculture and Technology located in Pantnagar, Uttarkhand. The stems of F. glomerata were harvested in month of October 2014. The plant stems were bundled which weighs about 7 kg. Retting of F. glomerata stems: The collected stems of F. glomerata were cut into 6 inches length with the help of sickle. The leaves and pods from stems were rippled and tied in 2 bundles. F. glomerata fibres were extracted from stem by using water retting extraction process. In water retting process, the bundles of stems were submerged in tank filled with water. During retting, an extra weight is put over bundles to keep them in place, because the formation of gas causes the bundle to rise on the water surface (Tahir et al ,2011) . Retting is a biochemical decomposition process which is carried out in stagnant water and in the presence of microbes. Ahmed and Akhter (2001) described that the process of retting is best carried out in the water which contains good amount of salts, minerals, iron and calcium content. The optimum pH and temperature for water retting is 7 and 35°C respectively. For the best results 15 cm of the water should left over the jute bundle. The diameter of the jute bundle should be 20 cm and has a plant water ratio nearly 1:20. This retting process provides an environment that enhances the growth of microbes both in water and stems. The microbe separates the fibres from stems by degrading the pectinious substances, gum and other mucilaginous matter that binds the fibres with plant tissues. Faulk et al.(2008) mentioned that retting is mainly carried out by anaerobic bacteria such as Clostridium spp., which lives in rivers, lakes, ponds and produces pectinases and other enzymes which are responsible for retting the fiber. After the completion of water retting, the stems were washed to remove gummy layer present over them. The amount of water which was required to wash the gummy layer from the stem was approximately 10 litres/Kg of biomass. Then, stems were dried in shade to remove excess of water. With the help of long wooden hammer, the stems were beaten to separate fibres from stems. The separated fibres were then kept for drying in open air. The obtained moisture content in the isolated fibre of F. glomerata was about 6.83%. Optimization of scouring variables for F. glomerata fibres: The retted fibres were subsequently cleaned; the fibres were pre-treated to remove impurities and non-structural components (ash, fats and waxes). The natural impurities present in fibres possesses lignin (17%), hemicellulose (22.41%), ash (0.7%), fats and waxes (1.5%). These impurities causes the fibre bundles to glued together and provide excellent strength but less pliability. Due to presence of impurities, fibres are coarse and having muddy white appearance. The coarseness in fibres causes difficulties in spinning of yarn and fabric construction. Hence, there is need of scouring process to remove impurities from fibres and separate them to make it suitable for textile purpose. The commercial process of scouring involves the treatment of retted fibres with sodium hydroxide (NaOH) solution at optimum temperature and time varying with type of fibre. For example in case of chemical processing of semal bast fibres (Pathak, 2014) , the optimum concentration of sodium hydroxide (NaOH) was found to be 3% and the processing time effective for scouring was found to be 60 minutes. The alkali treatment using sodium hydroxide (NaOH) is a versatile one as it provides minimum strength and weight loss, safe from degradation point of view and it brings about change in the morphology, crystalline structure and chemical composition of the fibres which induce absorbency property in fibres like coir, flax, sisal fibres (Vardhini et al, 2016) . This study shows the optimization of variables for scouring of F. glomerata fibres. Variables which were optimized during the processing of F. glomerata fibres were the processing time and concentration of sodium hydroxide. During the chemical processing a balance between the different variables of processing should be maintained so that it will give an effective chemical treatment to the fibre. If the variables of chemical processing is not balanced it may cause a damaging effect. So, there should be a balance between the above mentioned variables i.e. processing time and concentration of sodium hydroxide. So, the optimization of variables is important to maintain the quality of fibres in terms of the physical properties. Optimization of concentration of sodium hydroxide: The variable i.e. concentration of sodium hydroxide (NaOH) was optimized at 5 different concentrations. F. glomerata fibres were treated with 1%,2%,3%,4% and 5% of NaOH at 100°C for 1 hour. The material liquor ratio of 1:50 was kept constant throughout the experiment. A solution of volume 500ml was made and separately put in five different beakers containing 10g of fibre sample. After alkali processing it is necessary to neutralize the alkali by treating the sample with acetic acid (CH₃COOH), hydrochloric acid (HCl) or dil.sulphuric acid H₂SO₄. So after treatment with NaOH, fibres were neutralized with 0.2 % concentration of CH₃COOH solution for 10 minutes followed by usual washing and drying in air. The optimum concentration was finalized in terms of the physical properties of fibre. The properties such as tenacity (g/denier), elongation(%) and fineness(denier) were determined at each concentration of sodium hydroxide(NaOH). The concentration which gave higher value of physical properties was considered as an optimum concentration of sodium hydroxide for scouring of F. glomerata fibres.
Optimization of scouring time:
To optimize the scouring time, the fibres weighing about 10g were scoured at three different durations. Three durations which were taken are 30, 60 and 90 minutes because below 30 minutes the scouring is not effective for removing impurities. This is justified with the study of Hashim et al. (2016) who also carried out scouring using 2% (NaOH) solution kenaf bast fibres at 27°C for 30 minutes. Based on the optimized concentration of sodium hydroxide (NaOH), three different solutions were prepared. The material liquor ratio of 1:50 was taken and processing is carried out at a temperature of 100°C. After scouring, the samples were washed and neutralized with method as mentioned above. The optimum duration was finalized on the basis of values of physical properties of fibres tested for each sample scoured with different time period. The sample which shows higher value of tenacity, elongation and fineness were selected as an optimum duration for scouring of F. glomerata fibres.
Testing of physical properties of fibres:
The testing of physical properties of fibre was conducted at Pasupati Acrylon Ltd., Thakurdwara, Uttar Pradesh. The tests for physical properties such as tenacity, elongation and fineness were determined by using tensile testing machine. The testing apparatus which was used are Fafegraph-M for testing single fibre strength and Vibromat-M for determining fineness. Both apparatus work in joint operation as a semiautomatic microprocessor. The apparatus has controlled tensile strength tester which is based on principle of Constant Rate of Extension (CRE). Firstly, the fineness of fibre was tested by using Vibromat -M. In Vibromat-M, the fiber was hanged at the place provided with suitable pretension clips, one end of fibre was held in a clamp and other end was loaded with weight. The reading of fibre fineness was noted from digital scale of Vibromat-M. The test was repeated ten times and average was calculated. After this, the same fibre was transferred to Fafegraph-M for testing tenacity and elongation. With the help of forceps, the fibre sample was clamped between the two jaws of Fafegraph-M. The jaws were separated at the gauge length of 20 mm. Due to the downward movement of jaw a tensile force is exerted on the fibres which will leads to the breakdown of fibre. Both the jaws opened immediately and lower jaw moved upward to the specific gauge length. After every test the values of DTE (Denier, Tenacity and Elongation) were noted. Ten readings were taken for each sample to calculate average tenacity and elongation.
RESULTS AND DISCUSSION
The physical properties of fibre scoured using different concentration of NaOH and processing time were tested and results are given in Table 1 But the elongation and fineness at 1% concentration has been reported minimum. The most probable reason behind the above finding is that fewer impurities might have been removed from fibre surface and there is less separation of individual fibres.
The above explanation is supported with the findings of Zannen et al. (2014) who have stated that the fibres treated with lower concentration of sodium hydroxide have high tenacity but the removal of impurities from fibres was less. The fibres obtained at a lower concentration of alkali treatment have average quality. When increasing treatment concentrations, the physical properties such as fineness and elongation of fibres were improved and it results in removal of more impurities from fibres. Samanta et al. (2007) found that there is an increase in crystallinity in case of treatment with (NaOH).This is due to some loss of impurities such as hemicellulose and other minor constituents from the non-crystalline part because of the swelling action of (NaOH) treatment. There is an effect on structural reorientation and stress re-distribution of the molecular chain. As the concentration of sodium hydroxide increases, there was an increase in the value of elongation and fineness of fibres. At 4 and 5% concentration of NaOH, the fibres have maximum elongation and fineness but decrease in fibre strength was observed with increasing concentration. In accordance with above justification, Nalankalli et al. (2008) stated that when the fibres were treated with alkali, the impurities that are present in molecular chains in primary and secondary walls are removed. This causes the reduction of fibre strength at higher concentration as the fibre structure become open.
Findings of Kyung and Obendrof (2006) are also in agreement with the above explanation. They reported that the strength is imparted to bast fibres by a non-fibrous material i.e. lignin which forms hydrogen bonds with cellulose of fibres. Due to alkali treatment lignin is removed which leads to decrease in strength of bast fibres. According to Sen et al. (1987) , fibres undergo partial conversion to cellulose II on treatment with NaOH. The conversion increases with the increase in concentration of sodium hydroxide (NaOH). The reason for this conversion is reported by Benyahia et al. (2013) in his study on effect of alkali treatment on alfa fibre properties. They stated that cellulose on reaction with alkali reduces the hydrogen bonding of cellulose hydroxyl groups by the removal of the carboxyl group. Therefore, the numbers of hydroxyl groups (OH) were decreased. In addition, a part of lignin was removed from the fiber. It effects the physical properties of fibres on treatment with NaOH solution. It is clear from the Table 1 that fibre sample scoured with 1 and 2 per cent sodium hydroxide (NaOH) concentration had maximum tenacity but the other properties such as elongation and fineness were not good. Hence, the fibres treated with lower concentration makes the fibre stiff with less pliability because of less separation of fibres. Therefore, 1 and 2 per cent sodium hydroxide (NaOH) concentration was not considered optimum for scouring F. glomerata fibres. By analyzing the above table, it was observed that the use of more than 3 per cent sodium hydroxide (NaOH) for scouring of fibres shows a drastic decrease in tenacity of fibres. This is due to the reason reported by Wang and Cai (2009) in their study that breaking strength of jute fibres decreases and fineness of fibres increases as concentration of sodium hydroxide (NaOH) was increased during processing of fibres. Therefore 3 percent concentration of sodium hydroxide (NaOH) was considered optimum for scouring of F. glomerata fibres. It is clear that at 3 percent concentration there is complete removal of impurities from fibre surface and displays the higher elongation and tenacity then fibres scoured at 4 and 5 percent. The fibres which are processed at 3 % concentration shows fineness of about 18.70 denier, which indicates suitable softness and pliability of fibres. In order to conclude the above results, a statistical analysis was made which shows the effect of different concentration of sodium hydroxide (NaOH) on the various physical properties of fibre. F-Values were calculated from one way analysis of variance as shown in Table 1 . F-values shows that there is a significant difference in tenacity, elongation and fineness of fibres at 1% level of significance.
Optimized scouring time:
In accordance with the optimized concentration of sodium hydroxide (NaOH) for scouring, the F. glomerata fibres were scoured using 3% concentration of sodium hydroxide (NaOH). The effect of treatment time on the properties of fibre was conducted at three different durations i.e. 30, 60 and 90 minutes. The result displayed in Table 2 shows the physical properties of fibres such as tenacity, elongation and fineness for three different time durations. As shown in Table 2 , it is clear that tenacity of fibre decreases with the increasing scouring time. Fibres scoured for 30 minutes have maximum tenacity of 3.78g/denier followed by 60 minutes (3.59g/denier) and 90 minutes (2.49g/denier). The most probable reason for this is that due to the shorter scouring time alkali was not able to react with the OH and COOH group of cellulose. Hence partial removal of gum, lignin and other impurities from fiber surface make them brittle and restricts their application in textiles. Above statement can be justified from the study of Mahjoub et al. (2014) . They evaluated the effect of different time duration of alkali processing on the tensile properties of kenaf fibres. They found that the kenaf fibres shows decreased tensile properties by increasing the treatment time. They also stated that in comparison with untreated kenaf fibres, the alkali treated fibres have lower tensile properties. Conversely, findings of Hashim et al. (2014) are also in accordance with above justification. They stated that when the alkali treatment conditions such as concentration, duration and temperature was set higher, the kenaf fibres shows lower tensile properties. In order to obtain soft and pliable fibres, it is necessary to remove lignin and other non-cellulosic components from fibres. However, removal of lignin has direct effect on the elongation of fibres, as the amount of lignin decomposition increases the elongation of fibre also increases. Oudiani et al. (2012) in their study of Agave fibres, analyzed that at lower treatment time the penetration of alkali solution is in amorphous region. But as the treatment time increases the fibre swells and alkali solution penetrate into the crystalline region of cellulose fibres. The penetration of caustic soda in crystalline region weakens the inter chain forces and ruptures bonds and cellulose molecules arranged in fibres. As stated by Goswami et al. (1995) , the reason of high tensile properties of fibres is mainly due to its highly oriented and crystalline structures of molecules arranged uniformly inside the fibre. The fineness of fibres is another important property which affects the behavior of fibres during production of yarn and fabric. The increased fineness also contributes to the softness and pliability of fibres. 
Conclusion
This study explores and gives new ideas related to the F. glomerata plant species which can be a future bast fibre though, the other parts of the plants have been utilized for enumerable medicinal treatments such as diarrhoea, dysentery, diabetes, respiratory and urinary diseases because of its curative and therapeutic properties. Besides the medicinal use of the F. glomerata plant, its stems can be utilized to extract fibre for the development of sustainable products. So, this is a newer approach to the textile manufacturers which they can incorporate in their industries to prepare natural and ecofriendly fibres from F. glomerata plant species. This fibre is in its initial phase so it can be a viable option for small scale industries. The availability of these pant species throughout the India is very high so it would be a potential source for the small scale industries to prepare different products from this fibre like yarns, fabric, nonwovens or composite structures. F. glomerata fibres because of its biodegradability, can also be used in making ropes, twines, paper, boards and wide variety of agrotextile products. Among its wide variety of uses, bast fibre has a very high potential and a bright future.
